The control of reproductive seasonality was studied in farmed adult red deer hinds that had been either ovariectomized or ovariectomized and oestradiol-treated (s.c. implants). The breeding season, delineated by progesterone secretion in intact hind herdmates, was characterized by high (mean 0.6, range 0.1\p=n-\2.5 ng ml\m=-\1 plasma) LH concentrations in ovariectomized oestradiol-treated hinds. In contrast, during the non-breeding season plasma LH concentrations in these animals were significantly lower (mean 0.1, range 0\p=n-\0.9 ng ml \m=-\1 plasma). LH secretion in ovariectomized untreated hinds also displayed a marked seasonal pattern, approximately the inverse of daily photoperiod (that is, a winter peak and summer trough). The pituitary LH response to 10 \ g=m\ gexogenous GnRH was also maximal during the breeding season in ovariectomized (mean 7.4, range 1.2\p=n-\14.6 ng ml \ m=-\ 1) and ovariectomized, oestradiol-treated (mean 16.4, range 1.4\p=n-\32.3 ng ml \ m=-\ 1) hinds. These results indicate that LH secretion in the hind is regulated by both steroid-dependent and -independent mechanisms.
Introduction
Our understanding of the mechanisms that control reproduc¬ tive seasonality in female farm animals has largely been derived from studies in ewes (see Karsch et al, 1984) .
However, domestication may alter some reproductive param¬ eters, including seasonality (see Setchell, 1992) . Thus the underlying physiological mechanisms in sheep may differ from those in other species. For example, throughout sea¬ sonal anoestrus, the ovariectomized ewe retains the ability to produce a preovulatory-like LH surge in response to exogenous oestradiol (Land et al, 1976; Howland et al, 1978; Goodman et al, 1981; Haresign and Friman, 1983) , but it has been demonstrated that this response is absent during some stages of anoestrus in ovariectomized red (Meikle and Fisher, 1990) and fallow (Jabbour el al, 1992) deer. Furthermore, there is limited evidence of a marked seasonal pattern of LH secretion in ovariectomized red (Meikle and Fisher, 1990) and fallow (G. W. Asher, unpublished data) deer. These patterns are not as clearly evident in ovariectomized ewes (Legan et al, 1977; Goodman el al, 1982;  Webster and Haresign, 1983; Robinson el al, 1985) . Although there are some important breed differences in both the negative and positive effects of oestradiol on LH secretion during anoestrus in ewes (Land et al, 1976; McNeilly et al, 1985; Thomas et al, 1988) , Karsch et al. (1984) suggested that (Curlewis et al, 1991; McLeod et al, 1991) .
In ewes, reproductive seasonality is related to a change in the sensitivity of LH secretion to the negative feedback action of oestradiol and this is concomitant with the onset and cessation of the breeding season (Legan et al, 1977; Karsch et al, 1984) . However, the possible contribution of steroidindependent mechanisms to the control of reproductive seasonality is not well understood. (Goodman et al, 1982; Robinson et al, 1985) ; therefore, (Fig. 2) (Fig. 2) , and was inversely proportional to and about 4 weeks in advance of the prevailing photoperiod (LH concentration = 1.84-0.0991 daily photoperiod; r2 = 0.62; < 0.001).
Ovariectomized hinds had higher mean LH concentrations than did ovariectomized, oestradiol-treated hinds during both the breeding (0.9, range 0.3-2.8 versus 0.6, range 0.1-2.5 ng ml-1, respectively; < 0.01) and non-breeding (0.5, range 0.1-2.3 versus 0.1, range 0-0.9 ng ml-1, respectively; < 0.001) seasons. 
Seasonal pituitary LH response to GnRH
The LH response to exogenous GnRH given at intervals of 4 weeks are presented (Fig. 2) Goodman, 1986; Goodman, 1988) , it is possible that they both interact in the regulation of seasonality (Robinson et al, 1985 Short, 1980) indicating that a steroid-dependent mechanism is not fully competent at all times, and that some other mechanism inhibits or prevents LH secretion. Further evidence for steroid-independent regulation may be the differing depths or stages of anoestrus noted in sheep (McNeilly et al, 1985) and deer. For instance, in the present study the intact hinds displayed a marked reduction in the LH response to exogenous GnRH in the early compared with the later part of anoestrus, a pattern also noted in ovary-intact Père David's deer (Curlewis et al, 1991; McLeod et al, 1991) . These results suggest that anoestrus is not a uniform state but is characterized by an early 'deep' period (Curlewis et al, 1991) and a steroid-independent mechanism is the most likely explanation.
All the steroid-independent, as well as the steroiddependent, seasonal alterations in LH concentrations observed in hinds in the present study are also evident in at least some breeds of ewe, albeit at a significantly reduced magnitude. Since domestication can reduce the amplitude of seasonal reproduc¬ tive parameters (see Setchell, 1992) , the differences between the hind and ewe may merely indicate the extent to which they have been domesticated, or reflect the degree of gonadal regression that occurs during the non-breeding season (Goodman and Karsch, 1981) . It will be interesting to see if farming and domestication modifies reproductive seasonality in deer, and indeed this animal provides an almost unique opportunity to monitor the effects of domestication in an ungulate (Fisher and Bryant, 1993 al, 1990) or alternatively might reflect persistent luteal activity (Curlewis et al, 1988; Brinklow et al, 1992) . However, although these limitations should be taken into consideration it is unlikely that they would affect the major conclusions reached in this study. (Montgomery et al, 1985) .
